Abstract -Genetic diversity of Pinus halepensis Mill. was analysed in nine populations (six Spanish populations and one each from Tunisia, France and Greece). Twenty four RAPD loci were amplified with 60 megagametophyte DNA samples from each population. Populations' contribution to Nei gene diversity and to allelic richness were calculated. Results showed higher within population genetic variation but also a G ST = 13.6% higher than those detected in previous studies with different nuclear markers. The results obtained suggests that RAPD markers are valuable for the estimation of genetic diversity in P. halepensis and for the study of the divergence among population, allowing to think that eastern Mediterranean populations of P. halepensis have undergone a different history from those of the western Mediterranean area.
INTRODUCTION
Pinus halepensis Mill. is a Mediterranean species, distributed all around the Mediterranean basin, principally along the coast and exceptionally inland in Spain and Tunisia. The studies on the genetic diversity of Aleppo pine indicate its low level of variability, independent of the marker used, as terpenes [4, 25] , isozymes [5, 14, 24, 26] and cpSSR [18] . The last authors have performed a complete description of the variability among populations, and have explained the low genetic diversity detected as the result of a genetic bottleneck effect during past glacial episodes of the Holocene.
The lack of polymorphism in nuclear markers has resulted in poor estimates of the level of genetic diversity within populations for use in genetic resource conservation programs. For this reason, it would be important to estimate the differentiation of the natural populations and the contribution of each of them to the total genetic diversity [21] . These parameters could be calculated using both the Nei genetic diversity and the allelic richness. The last one best reflects the differentiation and contribution of each population [8] .
Within the natural range of Aleppo pine, the Iberian peninsula represents the most important area (more than 1,000,000 has.) of the species in the Mediterranean basin, with a significant genetic variation [1, 9] and a clinal variation in isozyme loci [3] and climatic factors and morphological traits [2] . Studies of the total natural range seem to reflect that this area is not highly affected by human intervention and shows a divergence with respect to other populations of the species as happened with other studied species from the same area [4, 13, 18, 22, 23] .
In order to obtain estimates of the within population genetic diversity and the contribution to the total diversity of each population, twenty-four polymorphic RAPD loci have been studied in megagametophytes from 6 populations from Spain and 3 covering the natural range of Aleppo pine. To avoid dominance, DNA has been extracted from haploid tissue of maternal origin, the seed megagametophyte. RAPD bands have been chosen by their repeatability, obtained by the optimization of reaction conditions, polymorphism and Mendelian inheritance [9] .
MATERIALS AND METHODS

Plant material and DNA extraction
Plant material was collected from 9 populations (table I), 6 populations from Spain one from Greece (located in the area with the known higher genetic diversity of the species [18] ), one population from Tunisia and the other one from France representing South European and North African groups of the species [24] . A pool of seeds were collected from 25 trees in each population with 30 meters between trees, and stored at 4 ºC until the DNA isolation. For RAPD analysis DNA was extracted from 60 megagametophytes isolated by removing the coats and the embryo after keeping the seeds from each population 24 hours in water. DNA extractions were performed by using the Doyle and Doyle (1990) protocol [6] .
Amplification
DNA amplifications by polymerase chain reaction (PCR) were carried out in a Perkin Elmer 9600 Thermocycler with the following profile: 1 cycle with 2 min denaturing at 94 ºC, 1 min annealing at 42 ºC and 2 min extension step of 72 ºC, 4 cycles with 45 s denaturing at 94 ºC, 1 min annealing at 42 ºC and 2 min extension step of 72 ºC and 40 cycles with 30 s denaturing at 94 ºC, 45 s annealing at 36 ºC and 1 min 30 s extension step of 72 ºC with a final extension step of 72 ºC for 8 min The volume of the reaction mixture was 25 µl and contained: four dNTPs (each 0.2 mM), 2.5 mM of MgCl 2 , 0.2 µM, 1 × reaction buffer (Pharmacia), 2.5 ng of template DNA and 0.5 U of taq-polymerase (Pharmacia). Sixty oligonucleotide primers (Operon kits A, N and P) were tested in amplification, polymorphisms and Mendelian inheritance with DNAs from seeds that belong to the Spanish populations [9] , The chosen 10 (OPA01, OPA07, OPA11, OPA18, OPA19, OPN06, OPN12, OPP01, OPP04 and OPP10) were used in the amplifications of DNAs from the 9 analysed populations.
The reactions were visualized under UV light, after running in 1.5% agarose gels in 1 × TAE buffer and ethidium bromide staining.
Data analysis
Usually, products below 300 bp or above 3 kb gave faint and non-reproducible bands, hence most of the scored products are in the range 0.4-2.5 kb (table II).
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A. Gómez et al. Diverse parameters were calculated [27] : Genetic diversity for each locus (H SP ), Gene frequency, Allele number, Effective allele number [11] , Number of polymorphic loci, Nei gene diversity and G ST [20] .
The populations' contribution to Nei gene diversity and to allelic richness were calculated following [7] and [8] respectively. In both cases frequency of the most common allele (band presence or absence) was used. The contribution (C T ) of a population to the total diversity is calculated as the relative variation of the diversity when this population is added to the other ones. Similarly contribution to total diversity of a population due to its own diversity (C S ) and to its divergence (C D ) are calculated. The contribution of a population to the total allelic richness (C T r ) is calculated following the rarefaction method of Hulbert [12] and contribution of this population due to its own diversity and due to its divergence are obtained from the partitioning of total allelic richness in similar way of contribution to total diversity [8] .
Coefficients of genetic distance, D, were calculated for paired comparisons of the 9 populations, based on the normalised identity of all loci between each of the populations [20] .
Genetic diversity parameters were calculated by the software POPGENE 1.21 [27] .
RESULTS
Genetic diversity parameters
The ten selected primers were used to examine the level of polymorphism detectable in the nine populations of P. halepensis. Allele frequencies in each population are shown in table III. All 24 loci scored were polymorphic within the Aleppo pine genotypes tested, although some loci are monomorphic in some of the populations. High H values (0.3475 and 0.3291) were also obtained for the SP-Cab and SP-Car populations. In contrast, the population from France (FR-Gem) was characterised by the lowest diversity with H value of 0.2249.
Estimates of diversity within populations and between populations were obtained. Estimates of genetic diversity (H SP ) and the coefficient of differentiation between populations are given for each locus and averaged over all loci (figure 1) with no relationships between both parameters.
Analysis of diversity, G ST = 16.5% if only Spanish populations are considered and 13.6% if the nine populations are studied together, revealed a high proportion of variability between populations. The geographic structuration of the diversity can be analysed by the Nei genetic distance among populations (table V). Population of GR-Kas is the most distant population. FR-Gem population is closer to the Spanish popu lations than the other non-Spanish populations. The highest genetic distance (0.499) was found between the Tunisian population (TU-Tab) and the Greek one (GR-Kas). The most similar are two distant Spanish populations (SPCab and SP-Car) with a genetic distance of 0.066.
The populations' contribution to Nei gene diversity and to allelic richness
The contribution of each population to Nei diversity and allelic richness is shown in figure 2 . The mean contribution was 0 for Nei diversity, whereas it was 0.022 for allelic richness, indicating a larger differentiation component for the measure in this last parameter.
Negative values for total gene diversity, due to a negative contribution for both diversity and differentiation components, are found in populations of SP-Vil, SP-Ric, TU-Tab and FR-Gem. The last two have the most important negative contribution (-0.20 and -0.22 respectively), but for different reasons. It results from a lack of diversity in TU-Tab and a lack of divergence from the other populations in FR-Gem.
Populations from SP-Car and SP-Sav, the southernmost and an island population respectively, show negative contributions for their own diversity, as the contribution to their divergence is higher. The population from Greece (GR-Kas) contributes more than the other studied populations to the total gene diversity (C T = 0.39). This is due to the own diversity (C S = 0.22) but also to a high divergence (C D = 0.18).
The results based on the contribution of allelic richness (figure 2) are similar to those based on gene diversity. Although contributions to total allelic richness are Table V . Coefficients of Genetic identity (above diagonal) and genetic distances (below diagonal) (Nei, 1978) Total contribution to genetic diversity and allelic richness for each P. halepensis population subdivided in their two components: C S : Contribution due to its own diversity; C D : Contribution due to its divergence. C S r : Contribution to the total allelic richness due to its own diversity; C D r : Contribution to the total allelic richness due to its own divergence.
positive for all populations. The population of GR-Kas shows the highest values (C T r = 0.044) but is, on this occasion, followed by SP-Sav population with half its contribution (C T r = 0.022).
DISCUSSION
RAPDs markers from megagametophytes DNAs have been shown to be a powerful tool for analysing genetic variation in Aleppo pine populations. The high number of polymorphic loci analysed (24) allows us to have good relative estimates of variation within and between populations to use in breeding and genetic resource conservation programmes. The values obtained, however, are relative in the sense that they can be used for comparison among populations in this study as a result of the selection process of the primers. The selected loci were tested for polymorphism only in Spanish samples. However, other markers like microsatellites [17] and AFLPs [16] could be useful for genetic diversity analysis in Pinus halepensis as RAPD markers have demonstrated.
The majority of genetic variation detected in Pinus halepensis by RAPD markers (G ST = 13.6%) occurred within populations and the diversity of genotypes within populations is very high as evidenced by Nei gene diversity. The DNA analysis by RAPD markers shows a higher than expected genetic diversity found in natural populations of P. halepensis in Spain if the genetic differentiation values previously reported by other authors using allozyme markers [24] and chloroplast microsatellites [18] are considered. A number of studies involving outbreeding species have compared G ST values from RAPDs to those from allozymes. Although there are very few studies in Gymnosperms, these results are congruent showing complete agreement between RAPD and allozyme diversity profiles [1, 3] . However, RAPD yielded much higher values of diversity than allozymes.
The patterns of variation detected, in terms of polymorphism and genetic diversity are in accordance with previous results in the same populations. There are only some differences when comparing some of the populations that can be due to the different meaning and mode of inheritance of the marker used.
Allelic richness is considered to be the most relevant criterion when studying population diversity [8, 15, 21] ; some authors considered the preservation of alleles more important than the maintenance of allelic frequencies. So, for example, the Greek population showed the lower level of polymorphism (70.83%) but it is possible to detect a strong contribution to allelic richness in this population, since higher values for both measures have been obtained in other cases (e.g. SP-Sav population). In fact, selection of polymorphic bands based in results obtained with DNAs from the Spanish populations, is the cause of these results for distant populations from Spain like the Greek one.
These results may then be a signal of the divergence among the two groups, western and eastern Mediterranean populations of Aleppo pine, which might reflect the presence of two groups of Aleppo pine with different histories from the center of expansion after the last glaciation in Greece [18] .
Migration is expected to result in a similarity between alleles; this prediction is observed in this study. The higher contribution to allelic richness in the non-Spanish populations must be viewed in the light of the fact that the bands studied had been selected for their polymorphisms only testing Spanish samples. The selection of RAPD bands acquires importance if we consider that the SP-Sav population shows a low allelic richness due to its divergence, that is, its "uniqueness", but the highest gene diversity of the Spanish populations, something similar occurring with the TU-Tab and FR-Gem populations which show a negative contribution to diversity but high values for allelic richness due to their diversity.
The Nei genetic distance does not allow the quantification of the divergence for populations [21] but the results are congruent with the contribution to diversity of each population. The GR-Kas population is differentiated from the other populations more clearly than those of TU-Tab and FR-Gem, and these are the three nonSpanish populations. GR-Kas population is the more oriental of the studied populations, located more apart from the Iberian Peninsula populations.
The result obtained suggests that RAPD markers are valuable for the estimation of genetic diversity in P. halepensis and for the study of the divergence among populations which is not easy to find in forest trees [7, 11, 19] . This is specially true if populations that are located far apart are analyzed [10, 21] . These results and the genetic distance allow us to think that eastern Mediterranean populations of P. halepensis have undergone a different history from those of the western Mediterranean area.
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